






















































































Enhancement Committee recommended three value-added research projects for funding under the 
Mineral Diversification and University Trust Fund programs: 

• The oxidation/reduction and metallization process concept is somewhat similar to F ASTMET 
except that carbon is not added to the pellets. The goal is to capture the heat from pellet 
oxidation to improve kinetics of a subsequent reduction reaction, which would take place on a 
circular hearth. If the work is successful, it could lead to a process that would yield a low­
gangue, low-sulfur direct reduced iron (DRI) product which would be competitive with imported 
products. A patent disclosure on this process has been filed by Dr. Rodney Bleifuss, Director 
of Coleraine Minerals Research Laboratory (CMRL) of the Natural Resources Research Institute 
(NRRI). 

• Lean Ore Oxidation (LEANOX), i.e. producing a metallized product from low-grade ores, has 
been looked at several times over the last few decades. Most of the significant work was done 
in the late 1950s and early 1960s before the taconite industry became firmly established. 
Metallization of the iron oxides is the easy part, but liberation of the product from the silica 
matrix has always been the stumbling block. Under conventional grinding methods, the softer 
iron material tends to smear onto the harder, more brittle silica/silicate material. Consequently, 
magnetic separation does not yield a clean low-silica product. 

• CMRL's research on the production of iron carbide from low-grade materials will be expanded 
to verify its reaction kinetics, iron oxide conversion, carbon deposition and liberation to achieve 
a low-silica end product. Lab scale equipment will be used to produce small batches of material 
for testing. 

None of these research projects appeared particularly promising for further development. The work 
on lean ore indicated that a partially reduced iron product might be separated from the silica matrix, 
but there has been little or no private interest in a continuation of the effort. 

SALT ROASTING OF VANADIUM ORES. V anadiferous-titaniferous ores are found in northeastern 
Minnesota. Previous investigations have proven the feasibility of producing pigment-grade synthetic 
rutile concentrate from the nonmagnetic portion of these ores, but the economics of this process are 
marginal at this time. The objective of this program is to determine whether a second product 
(vanadium) could also be extracted, thereby making the entire process more economically attractive. 

DIRECT REDUCTION AT NATIONAL STEEL PELLET COMPANY. Several public organizations 
assisted NSPC in its evaluation of the Svedala, Inc. Grate-Car Process. The objective was to 
determine the feasibility of replacing the original pelletizing line at National with a DRI line using 
the existing concentrator lines to provide the raw material. The study showed that it was both 
technically and economically feasible to install the process. However, National Steel decided to 
concentrate on increasing NSPC' s taconite pelletizing capacity to use the existing excess capacity 
in the concentrator. 
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DEVELOPMENT OF A MINNESOTA SPECIFIC DR! PROCESS. Work continues on creation of 
a process flowsheet which combines elements of existing or new processes which will use fine 
taconite concentrate and western subbituminous coal in the production of DRI. Technology surveys 
conducted in prior years have uncovered several possibilities and several potential flowsheets have 
been constructed. Development of a DRI process which is specific to Minnesota material would 
yield low-cost DRI, but the development cycle would be costly as both laboratory and continuous 
pilot scale testing would be necessary. · 

-OBJECTIVE 2: TO INCREASE THE PROBABILITY OF NONFERROUS METALLIC 
MINERAL DISCOVERIES 

• Geologic Drilling and Mapping 

Much of the nonferrous mineral wealth of Canada, South Africa, Australia, and Russia come from 
Precambrian rocks similar to those in northern and western Minnesota. Geologic mapping of 
Precambrian rock similar to those in northern and western Minnesota is hampered by a thick cover 
·of Quaternary glacial deposits and the generally inadequate state of geologic mapping here has been 
an impediment to mineral exploration. A major step to deal with this problem was taken in 1979 
when a world-class aeromagnetic survey of Minnesota was authorized and partially funded by the 
Legislative Commission on Minnesota Resources. Since then, aeromagnetic data have been 
combined with selective drilling for ground truth to produce credible geologic maps of prospective 
areas in several parts of the state. The following projects were supported with Mineral 
Diversification funds. 

North-Central Minnesota 

1. Geologic mapping in contiguous parts of Koochiching, Itasca, and Beltrami counties 
("Koochibel" area), 1988-89 biennium. Mapping revealed hitherto unrecognized fault zones 
and volcanic rock units in greenstone-belt terrane west of the Vermilion district. The mapping 
prompted serious exploration for gold and base metals by several companies. 

Publications: Minnesota Geological Survey maps M-67 (1990) and M-68 (1990). 

2. Cook-Side Lake area, St. Louis and Itasca counties, 1990-91 biennium. Mapping extended 
coverage from the western limit of older mapping in the Vermilion district to the eastern 
boundary of the Koochibel map area described above. In this project also, the mapping 
revealed previously unknown structures and rock assemblages of consequence to mineral 
exploration and attracted exploration interest. 

Publications: Minnesota Geological Survey maps M-775 (1991) and M-79 (1993). 
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Northeastern Minnesota 

1. Central Dulut~ Complex, Lake and St. Louis counties, 1990-91 biennium. Mapping covered 
a block of ten 7 .5 minute quadrangles roughly between Isabella on the northeast and Toimi on 
the southwest. The work clarified a very complex intrusive history in the unexposed interior 
of the Duluth Complex and provided a rationale for locating oxide-rich segregations in igneous 
units that are potential sources for vanadium, titanium, and platinum-group metals. 

Publication: Minnesota Geological Survey Open-File Report 91.4. 

2. Duluth Complex, Duluth area, St. Louis County, 1992-93 biennium. Mapping covered several 
quadrangles in and near metropolitan Duluth. The rationale from the mineral-deposits 
viewpoint was that much could be learned about mineralizing controls by careful work in this 
accessible area. The information would transfer to poorly exposed areas elsewhere in the 
southern part of the Duluth Complex. 

Current interest in the Duluth Complex as a probable host for platinum-group-elements (PGE) 
mineralization has focused attention on peridotitic differentiates and highly evolved oxide-silicate · 
residues. Both of these rock types occur near the city of Duluth where relatively good exposures 
permit their detailed scientific study. 

3. Duluth petrology project, St. Louis County, 1994-95 biennium. This project is an outgrowth 
and continuation of mapping initiated in the previous biennium. It became evident that more 
effort was needed to sort out the complex relationships among mineral phases in several rock 
units near Duluth if the controls on igneous differentiation (and the distribution of platinum­
group elements) were to be understood. A program to extend field mapping near Duluth, 
conduct laboratory work on rock and mineral samples, and compile all data as GIS coverage 
is now underway. Final map compilations will cover work from the 1992-93 and 1994-95 
biennia. 

Northwestern Minnesota 

1. Bedrock geologic map of northwestern Minnesota, Kittson, Roseau, Marshall, Pennington, Red 
Lake, Polk, Norman, Mahnomen, Clay, and Becker counties, 1992-93 biennium. Mapping 
revealed previously unknown relationships among rock units and regional structures in the 
extensions of three major tectonic subdivisions of the Sµperior Province of the Canadian 
Shield. Three poorly known greenstone belts are :q.ow known in sufficient detail to attract 
exploration interest. The Vermilion fault is now known to be a fault zone composed of several 
strands and to have experienced a complicated movement history. The terrane north of the 
Vermilion fault is predominantly gneiss and plutonic rocks, not volcanic rocks as formerly 
thought. 

Publication: Minnesota Geologi~al Survey map M-80 (1994). 
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East-Central Minnesota 

1. Geologic map of an area south of Lake Mille Lacs, west of the Midcontinent rift in several 
counties, 1994-95 biennium. The principal objective of this project is to produce a bedrock 
geologic map of a trapezoidal area in east-central Minnesota that is the northwestern half of 
a quadrilateral bounded by latitudes 45° 07'30"W and 46° 15'00"W. This study area includes 
some of the least understood Precambrian geology in Minnesota. Much of the bedrock has 
been interpreted as Penokean granitoid intrusions, but signatures in the gravity and 
aeromagnetic data imply the presence of diverse rock types and structures. The area is of 
particular economic significance because it may include rock equivalent to the Penokean 
meta volcanic rocks of the Wisconsin magmatic terrane that host significant deposits of base­
metal sulfides. A reliable geologic map is a necessary for systematic mineral exploration in 
east-central Minnesota. 

Quaternary Mapping 

"Koochibel" area, north-central Minnesota, 1992-93 biennium. A geologic map that shows the 
distribution of glacially deposited surficial materials was prepared as an adjunct to the bedrock· 
geologic map of the same area (see above). The mapping of glacial material was facilitated 
by the abundant drilling conducted by companies and agencies in the area. It provided the 
stratigraphic framework for interpreting the occurrence and distribution of "indicator minerals" 
in the drift that were picked up by glaciers from mineral occurrences in the underlying bedrock. 
The science of tracing indicator minerals in glacial deposits back to their bedrock source has 
become an all important element in exploration for gold and diamonds. 

Publication: Minnesota Geological Survey map M-76 (1993). 

Three Dimensional Mapping of the Duluth Complex in the Allen Quadrangle 

The basal zone of the Duluth Complex, just south of the town of Babbitt, contains several 
large, low-grade copper/nickel deposits. It is an area of known mineralization which has 
undergone much exploration activity in the last twenty-five years. None of the work conducted 
thus far has shown any indication of a large high-grade deposit. Recent work in similar 
geologic terranes in other parts of the world have shown that deeply buried high-grade deposits 
can exist with lower-grade nearer the surface, i.e. higher in the depositional sequence. This 
project will use newer mapping techniques to produce a large scale three dimensional map of 
the basal zone which should yield a better picture of where higher grade deposits might exist. 

Geology and Mineralization of Archean and Early Proterozoic Rock in the Virginia Horn 

The Virginia Hom is one of the more likely areas in the state for deposits of precious metals, 
e.g. gold. Past exploration efforts have yielded mineral occurrences, but no one has yet found 
mineralization zones of sufficient size and grade. Mineral exploration has been hampered by 
the lack of a sufficiently detailed large-scale geologic map of the area. This project will 
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assimilate all of the available geological, geochemical, and geophysical data to produce a map 
which can be used to infer where more exploration should occur. 

• Geochemistry 

Strategic Minerals 

GLACIAL TILL. This project is a continuation of an effort to identify the regional occurrence of gold 
and other metals in glacial till to stimulate further exploration in northern Minnesota and to assist 
the Department of Natural Resources in its land management role. Twenty new boreholes in Lake 
of the Woods County were drilled, sampled, and analyzed. A complete digital data base of results 
is now available. 

Analysis of the drill cores show that the Baudette area contains two distinctive buried landscapes that 
were unknown prior to this project. These results also immediately aided the development of the 
U.S. Geological Survey's Roseau bedrock map. In addition, there were many important mineral 
potential findings. Low levels of gold and five pathfinder elements and minerals were observed in 
the Rainy till of the eastern portion of the field area in the vicinity of the Baudette fault system. The 
new observations suggest a secondary kaolin clay deposit may be located in a buried valley near 
Baudette. 

BEDROCK. The primary purpose of this project was to construct a data base of geochemical 
evaluations of Archean bedrock in fifteen counties. The work brought together all available data 
from several sources, filled in existing gaps in that data, and made the data available to the minerals 
industry on a county by county basis. The NRRI constructed a data base of 12,451 complete or 
partial analyses of drill core and bedrock outcrop samples using published materials, unpublished 
materials, and data contained within the abandoned lease files of the DNR Minerals Division 
Hibbing office. The sample locations were also identified on digitized county maps. 

GOLD IN EARLY PENOKEAN. Precious metal exploration is primarily confined to northeastern 
Minnesota. However, precious and base metal potential also exist in the early Proterozoic rocks of 
the Mille Lacs Group, the Animikie basin rocks, and perhaps in some of the Cuyuna Range rocks. 
The purpose of this project will be to provide a base from which exploration companies can make 
decisions on where to begin exploration. 

McSwiggen, et al. ( 1989) indicates the presence of precious metals in these rocks, but a 
comprehensive lithogeochemical evaluation has never been conducted. As was done for the Archean 
Bedrock Geochemistry project, this project will digitally georeference all known drill hole and 
outcrop geochemical samples. 
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• Mineral Processing 

Ilmenite 

This work was based on known ilmenite deposits in Minnesota. The work began at the Mineral 
Resources Research Center, but was completed by the Coleraine Minerals Research Laboratory. The 
goal was to reproduce or improve upon the concentration work completed earlier by the U. S. Bureau 
of Mines and Pickands Mather. MRRC was to take the process one step further and test the 
effectiveness of plasma torches on processing concentrate. That part of the effort was never 
completed, but CMRL was able to produce a very clean ilmenite concentrate (titaniferous magnetite). 
Their work became the basis for a major study of the deposit by a private company. 

CU. NI. PGM FLOTATION. The Duluth Gabbro is a copper-nickel bearing deposit located in an 
environmentally sensitive area. At the present time, this deposit is considered to be only marginally 
economic. A technology, which would allow for the separation of copper-rich and nickel-rich 
products, maximize PGM recoveries, and minimize the environmental impact of residual sulfides 
and flotation reagents in tailings, would significantly improve the economics of developing the 
Duluth Gabbro. Such a technology would also be useful worldwide to solve problems encountered 
in the processing of complex (copper, lead, and zinc) sulfide ores. This project determined the 
nature of the electrochemical interactions that occurred during grinding, and integrated and 
correlated these findings with flotation behaviors. It showed that previous test results may have been 
biased by iron contamination of the sulfide particle surfaces. 

METALLURGICAL EVALUATION OF COPPER/NICKEL ORES. One of the large, low-grade 
copper/nickel deposits in Minnesota is the Minnamax deposit near the town of Babbitt. In the 1970s 
AMAX and, subsequently, Kennecott Copper invested a considerable sum of money in mineral 
processing research in an attempt to find an economical way to mine and concentrate the ore. They 
were stymied in their efforts due to the complex nature of the ore. They had difficulty producing a 
clean copper concentrate, and their best results left about 30 percent of the ore value in copper/nickel 
concentrate that would be difficult for any of the smelters existing at that time. The work did not 
lead to an active mine and research on the deposit languished for about fifteen years. 

Since that time, the state has funded a series of laboratory scale projects to study tech¢ques related 
to the separation of sulfide bearing materials. One of the more important studies indicated that 
Kennecott's results may have been influenced by the metallurgy of the grinding media used in their 
pilot plant. Also, work on flotation itself has generated several promising alternatives, e.g. newer 
reagents, column flotation, better selective flotation, hydro metallurgy and recovery of platinum 
group metals, and possibly cobalt. The goal of this project is to evaluate the use of newer mineral 
processing techniques to create a revised economic basis for a mine on the Minnamax property. 

The .Minnamax deposit is partially owned by the State and partially by a private company. The 
whole deposit has been leased to Arimetco, Inc. Arimetco is a participant in the study and will 
provide a bulk sample from the proposed open pit area of the deposit. They will also provide 
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matching funds for the mineral processing effort. Other participants include the Iron Range 
Resources and Rehabilitation Board an.d Minnesota Technology, Inc. The work will be conducted 
at the Coleraine Minerals Research Laboratory. 

• Data Acquisition and Analysis 

DRILL CORE EXAMINATION AND ASSAY. Because of extensive overburden cover, drill core is 
the premier geologic sample reference regarding Minnesota geology. This project does 
reconnaissance relogging (describing) and sampling of the Hibbing Drill Core Library materials. 
The project purposes are: 1) to serve land use planning within the DNR; 2) to encourage private 
exploration through better data access; and 3) to serve government agency planning of future 
programs. This project is oriented toward identifying nonferrous metallic mineralization and 
features permissive of such mineralization. The new sampling and analysis of this project has been 
done to complement previous work of sample analysis. Results are made available in a digital 
format to allow for enhanced data handling and interpretation by customers, and GIS usage. Work 
areas include northern and central Minnesota in several complex geologic terranes. Over 8 years, 
898 drill holes have been described (783 logged in digital format) and 2,277 samples have been 
analyzed. Favorable rock types and anomalous base and precious metal assays indicate a high 
probability for undiscovered economic mineralization. Mineral leasing has occurred on these lands 
with active leasing still occurring in portions of the Duluth Complex and the present work area of 
central Minnesota. 

MINERALS DATA BASE. In 1990, the state began to develop a drill core index which would 
correlate the information available on stored drill core with its location in the Drill Core Library. 
This relational data base is used daily to access and study material in the Drill Core Library. Since 
that time, the systems have been expanded to include chemistry, leasing, and other pertinent data. 
The effort is now concentrated on the development of an overall architecture for minerals data that 
will allow the coordination of data on a broader basis, and provide the foundation for publication of 
data in a way that should be useful to exploration geologists worldwide. 

• Mineral Deposit Modeling 

DULUTH COMPLEX FOOTWALL. Information ·on footwall mineralization of the Sudbury 
Complex and the Noril'sk intrusion in Russia indicates some potential for a similar rich copper, 
nickel, cobalt, gold and/or platinum deposits in the footwall of the Duluth Complex. The objective 
of this work is to compile existing data from the Duluth Complex and compare it to the ore deposit 
models developed for the other mining camp regions. The deliverable, if the work is successful, will 
be an ore deposit model for the footwall of the Duluth Complex. 

MINERAL POTENTIAL FOR GOW AND MASSNE SULFIDES IN THE ELY TO BIGFORK AREA. 
The goal of this study is to compare the geological features of five major gold and volcanogenic 
massive sulfide mining camps (Hemlo, Porcupine, Kirkland Lake, Sturgeon Lake, and Noranda) with 
the area in Minnesota. The model will be based on an integration of the geological, geochemical, 
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and geophysical features found in the five mining camps. Geographic Information Systems 
technology will be used to overlay th~ data to find similarities and signatures that can be used to 
identify exploration targets in Minnesota. 

• Environmental Research 

RECLAMATION RESEARCH. Mine waste characterization and mine waste drainage quality 
prediction will be among the first environmental impact questions to address when nonferrous 
mineral development begins in Minnesota. This information will be used to identify water quality 
controls required to protect the resources of the state. 

Ten tailings samples from operating North American gold mines and two titanium tailings samples 
generated in pilot plant tests were characterized (particle size distribution, chemistry, mineralogy, 
etc.) and subjected to dissolution testing .to determine drainage quality. 

Static tests indicated that two of the samples were acid producers and that two others were marginal 
acid producers. However, acid produced by iron sulfide oxidation was neutralized by dissolution 
of calcium and magnesium carbonate. Additional dissolution of the same samples may deplete their 
neutralization potential, however, so they could ultimately produce acidic drainage. 

Continuing research seeks to answer questions raised in previous studies on long-term dissolution 
characteristics of reactive tailings by determining the differences between reactive and non-reactive 
pyrites. In addition, the project seeks to determine the effect of temperatures and the length of dry 
cycle on dissolution. Methods of removing arsenic, antimony, and molybdenum from mine drainage 
will also be surveyed. Much of this work will be conducted at the new Reclamation Research Site 
in Hibbing using funds from the Environmental Cooperative Research appropriation. 

• Mineral Management 

Improved Ownership Records 

SEVERED MINERALS INTEREST IDENTIFICATION. This project was established to determine 
the validity of existing state mineral rights ownership claims and to discover previously unknown 
state claims. Valuable information from a variety of sources other than the official county records 
was gathered. 

Information was gathered from the records of USX Corporation, the mineral claims of Meridian 
Minerals, and the U. S. Forest Service for the Superior and Chippewa National Forests. Such "non­
official" information can make valid state ownership claims for any particular parcel more or less 
likely. The state also used the official records to examine key title documents for several large 
minerals rights holders. 

The total acreage researched during the FY90-91 totaled 126,000 acres. Diversification funding 
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provided a 50 percent increase in the number of acres researched. The research results were used 
to prepare the list .of minerals rights to be offered at public lease sales. This work improved the 
quality of the state mineral rights ownership offered for leasing. 

-OBJECTIVE 3: TO ENHANCE MINNESOTA'S INDUSTRIAL MINERALS INDUSTRY 

• Aggregate Studies 

SAND AND GRAVEL INVENTORY. Minnesota Statute 84.94 mandates that the DNR, in 
cooperation with the MGS, Minnesota Department of Transportation (MNDOT), and the State 
Planning Agency, identify and classify potential aggregate resources outside the seven-county 
metropolitan area. The statute also specifies that the program give priority to those areas of the state 
where urbanization or other factors may result in a loss of aggregate resources to development. 

Mapping of aggregate resources incorporates field work and data, such as high-altitude photographs, 
geologic and soils maps, published reports, MNDOT test borings, and domestic water well logs. 

Final maps are digitized for incorporation into state and county Geographic Information Systems. 
Maps and accompanying reports provide valuable information to developing areas that wish to 
protect aggregate resources from future land use conflict. Additionally, the maps may be used for 
water planning and protection of rare or threatened native animal and/or plant species. 

SAND AND GRAVEL RESTORATION. Minnesota ranks sixth nationally in gravel production. 
Figures for 1990 indicate 34.8 million tons of aggregate production in the state worth $89.4 million. 
Production was reported in 78 of 87 counties by 205 companies. According to an informal survey 
conducted by the DNR in 1991, there are about 1,600 active pits in the state. Another 2,500 are 
either permanently abandoned or only intermittently active. Most sites are mined without the benefit 
of a reclamation plan, resulting in problems that can include erosion, illegal dumping, safety· 
concerns, and unauthorized activities . 

. Since 1987, the DNR, MNDOT, local government, and the industry have been working on 
reclamation techniques. Native prairie grasses seem particularly well suited to gravel pit 
reclamation. However, the cost and feasibility of the methods must be demonstrated in controlled 
tests given the fact that there are few examples of successful reclamation in the state. 

BUFFALO RNER STATE PARK. Gravel was mined out many years ago in short strips along an 
ancient beach ridge of Glacial Lake Agassiz and used in road and railroad construction. Between 
these strips are areas of undisturbed vegetation that are good quality prairie. The Gravel Pit 
Reclamation and Prairie Restoration Project is in the process of restoring two former gravel mining 
areas totaling twenty acres to their original prairie vegetation. The work is confined to the areas 
disturbed by previous gravel mining. The project area is surrounded by more than 100 acres of 
prairie and will complement the prairie vista image of the park entrance. Specifically, the project 
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will: 

• Delineate wetlands and identify sensitive wild flower species to be avoided. 
• Remove old demolition material. 
• Remove invading trees and shrubs on disturbed pit areas. 
• Smooth and level 50 year old spoil piles left from gravel mining. 
• Replant prairie grasses and wild flowers on the newly landscaped area using locally harvested 

seed. 
• Control invading weeds, as necessary. 

This first ever county/state partnership for reclamation and prairie will be a demonstration project. 
It will complement a recently funded LCMR project to develop and implement a plan to balance 
gravel production and native prairie restoration in Clay County, scheduled to begin in July 1995. 

• Mineral Surveys 

Carbonate Resource Assessment 

CARBONATE RESOURCE ASSESSMENT. Although it is well-known that all of southeastern 
Minnesota is covered by layers of carbonate rocks, no one had previously attempted a systematic 
sampling and analysis of the material. This project vehicle was used to sample over ninety naturally 
occurring or man-made outcrops in twelve counties. In addition, 14 holes were drilled in areas 
where channel sampling would have been very difficult. The sample data was correlated with the 
formations and other data to produce a regional representation of the carbonate rocks. The chemical 
data was compared to known product specifications to identify development possibilities. 

The results have been used by companies and quarry owners in southeast Minnesota to identify new 
prospects and new uses for materials from existing quarries. One of the more intriguing prospects 
is the use of material from the Stewartville Formation as flux for fluxed taconite pellet production~ 
The material appears to have the correct chemistry. However, transportation costs may preclude its 
adoption by the taconite industry. It is expected that the data will become the foundation for much 
additional work in the future. 

CLAY PRODUCT DEVELOPMENT. Although the clay deposits of the Minnesota River Valley 
have been known for decades, only recently have they been studied intensively to identify high­
quality deposits. Today, the kaolin clays of the Valley are used only in the production of cement and 
bricks. Research conducted by the University will assist industry by locating the best quality clay 
in the Minnesota River Valley and central Minnesota. Other work is aimed at the production of more 
valuable products. 

Recently completed laboratory scale research to reduce particle size, and silica and iron contents 
have been successful and could now be pursued in larger scale tests. The resulting product is of a 
grade fine enough for coating paper or any of the hundreds of other uses for kaolin clay. 
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Work at the University of Minnesota-Duluth has helped narrow the parameters of exploration by 
determining the composition of parent rocks associated with the best grade of primary clay deposits. 
It has also pointed toward extensive secondary deposits which might be even more valuable. 

DIMENSION STONE INVENTORY. A reconnaissance-level dimension stone inventory of 
crystalline rocks was conducted on government-owned and administrated lands in six northern 
Minnesota counties. Approximately · 250 Middle Proterozoic (Keweenawan) and Archean 
outcroppings were evaluated with respect to joint spacing, color, texture, deleterious minerals, and 
size of extractable blocks. 

Based on industry criteria, field investigations identified eight prospects and two inactive quarries 
that have potential for dimension stone development. These sites contain rock of a variety of color 
and texture, some of which is remarkably different from what is currently quarried or available 
domestically. At the present time two quarries have been opened and one additional site has been 
leased. Marketing work is being done by one stone fabricator on a unique stone from one of the new 
Minnesota quarries. 

KAOLIN IN CENTRAL MN. The occurrence of kaolin in northern and central Minnesota is 
documented in drill holes and outcrops. However, very little of this material has been sampled for 
geochemistry, x-ray diffraction mineralogy, particle size analysis, or firing characteristics. While 
some kaolin clay samples were collected in central and northern Minnesota during the LCMR­
sponsored clay study and the MCC study on the geologic and geochemical controls on the grade and 
distribution of clays, many new occurrences of kaolin clays have been identified in more recent 
drilling in the northern part of the state. Since the weathering episode that produced the kaolin clays 
in the southern part of the state was a statewide event, good grade kaolin and other clays should also 
exist in the northern regions of Minnesota. 

This project collected between thirty and forty samples from drill core and outcrops not sampled in 
the previous programs. These samples were analyzed for whole rock geochemistry. Particle size 
analysis, firing tests, and x-ray mineralogy were also conducted for comparison with previously 
analyzed samples from other areas of the state. 

CARBONATE BENEFICIATION. This is a continuation of the original carbonate assessment 
program. The objective was to select some of the better limestone/dolomite deposits and subject 
them to standard.beneficiation tests which would include stage crushing, high density scrubbing, 
screening, and hydraulic classification. There is reason to expect that these treatment schemes will 
reduce the percentage of diluents, primarily silica and alumina associated with intercalated shale and 
mudstone layers. This will improve the chemical purity of the limestone/dolomite and expand its 
market potential. 

THE ECONOMIC IMPACT OF TRANSPORTATION COSTS IN THE POTENTIAL UTILIZATION 
OF KITTSON COUNTY BLOATING CLAYS AND THE MINNESOTA RIVER VALLEY KAOLINS. 
These projects sought to determine the potential of: 1) using the bloating clays found in Kittson 
County for the production of lightweight concrete aggregate, and 2) using the kaolin found in the 
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Minnesota River Valley in the papermaking industry. As is the case with other industrial minerals, 
transportation costs will comprise a significant portion of the delivered price of each of these 
commodities. This project provided insight into effects transportation costs may have on the 
development of these resources by developing information on markets and market areas, and modes 
of transportation such as rail, truck, and possibly barge. 

KIITSON COUNTY BLOATING CLAYS. The clays found in Kittson County, Minnesota are a part 
of the Pleistocene Sherack and Brenna Formations of Glacial Lake Agassiz. The bloating 
characteristics of the Kittson County clays were first identified during an LCMR-funded clay project. 
A more thorough evaluation of the bloating characteristics of these clays, based upon small samples, 
was completed under a GMC-funded project. Clays of this type may have application in the 
production of lightweight coarse aggregate used in the concrete and construction industry. 

The Kittson County clays bloat at the lowest temperature of any of the Minnesota bloating clays. 
The Brenna Formation clays bloat better and have fewer impurities than the Sherack clays. Both 
clays outcrop and subcrop over a large area and within a few feet of the surface, making them readily 
accessible for open pit mining. The actual mining thickness of the clays exceeds 25 feet in most 
.areas. Over 11,000 pounds of the clays were obtained in January 1991 from seven auger holes. 

Currently, most lightweight aggregate (trade name: Arkalite) used by the construction industry in 
Minnesota comes up the Mississippi River by barge from West Memphis, Arkansas. It is possible 
that lightweight aggregate produced from the deposits found in Kittson County could be competitive 
with Arkalite provided that the raw material is suitable and the lightweight aggregate produced 
meets, or exceeds, ASTM standards. 

KAOLIN CLAY RESOURCE ASSESSMENT. The occurrence of kaolin clays in the Minnesota River 
Valley between Redwood Falls and Fairfax has been studied in several MCC projects. This work 
includes mapping of kaolin occurrences from a point about twenty-five miles east of Redwood Falls 
northwest through the recently-opened Belview mines, to Granite Falls, MN. Little geologic 
information was previously available on these clay deposits, their quality, or the controls on grades 
in the area. 

The work concentrated on mapping, sampling, and analysis of kaolin clays and associated bedrock. 
The samples were analyzed for whole rock geochemistry, particle size, and x-ray mineralogy, and 
compared to samples from previous studies throughout Minnesota. 

Basic Research 

The purpose of this portion of the Minerals Diversification Program is to generate mineral research 
ideas by providing small amounts of money to faculty at degree-granting institutions in Minnesota. 
The money is then used for preliminary evaluations of promising· geologic or mineral processing 
concepts. Projects funded in FY '90 - '91 included: 

49 



* Image processing for gravity and magnetic data. 

* Copper-nickel separation using reduced iron powders. 

* Flotation of platinum-group minerals from Duluth Complex minerals. 

* Identification of diamond-bearing kimberlites in Minnesota. 

* Geology and petrogenesis of the Greenwood Lake area in Lake County. 

* Optimal production scheduling for nonferrous operations in Minnesota. 

This research has had beneficial results. For example, the image processing work has lead to the 
production of several new maps based on existing data. The U. S. Bureau of Mines became 
interested in work done on Duluth Complex minerals and sponsored additional work in this area. 
Finally, the geologic work done in Lake County has substantially increased our knowledge of an area 
with high mineral potential. 
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